This paper presents the proposed switched beam antenna system for V2V communication including optimum antenna half power beamwidth determination in urban road environments. SQP optimization method is selected for the computation of optimum antenna half power beamwidth. In addition, beam tracking algorithm is applied to guarantee the best beam selection with maximum RSSI. The results present the success of the proposed system with the increasing of V2V performance metrics. Also, V2V data dissemination via the proposed system introduces the enhancement of V2V link in terms of RSSI, PER, BER, safe , and safe . The results indicate the improvement of V2V link reliability. Consequently, the road safety is improved.
Introduction and Related Works
The increasing of vehicles in the world promotes the traffic congestions and accidents on the road. The works in [1] [2] [3] have presented that the intelligence of conventional transportation system is made by Dedicated Short Range Communication (DSRC) technology which provides a fast data transmission and a high reliability of the communication link. ITS/DSRC communication regime operates under IEEE802.11p (WAVE-DSRC) standard at 5.9 GHz (7 channels) working for different manners. ITS improves the road safety by sending useful information to the drivers on the road for preparing for a bad situation. There are two differences of data dissemination procedures which are categorized into V2V (Vehicle to Vehicle) communication and V2I (Vehicle to Infrastructure) communication. The work in [4] has introduced that the equipment for ITS/DSRC is OBU (On Board Unit) and RSU (Road Side Unit). Both devices are equipped with omnidirectional antenna. The works presented in [5, 6] have introduced that ITS/DSRC applications are separated into two major types: safety applications and nonsafety applications. Safety applications require for more link reliability and lower latency. The work in [7, 8] has presented that the impacts of accident on expressways rely on the decision of drivers. There are 2194 accidents occurring on the expressways. Also, the human lives lost and the costs of damaging are the significant issues which motivate the governments in the world to search for better solutions. There are many well known safety applications in the world such as collision warning system, road side alert, and Road Hazard Warning. However, the works in [9, 10] have presented that the phenomenon of transmitting signal for all directions introduces the signal power losing in undesired directions. As a result, a signal quality at the receiving side is not good enough. Also, the signal quality drops at the receiving vehicles. The works in [11, 12] have presented that an antenna having directional pattern is the solution. This is because an antenna having directional pattern can radiate the signal to the desired directions. The signal quality such as RSSI performance is improved. However, there are some limitations of an antenna having directional pattern such as hidden node problem and sometime cannot be used in some applications. The works in [13] [14] [15] [16] [17] indicated the powerful antenna technology which provided the reduction of interference effect and increasing the signal quality at the receiving vehicle. Smart antenna has been proposed for a solution. There are two types of smart antenna technology including a switched-beam antenna and an adaptive array antenna. The adaptive array antenna requires more 2 International Journal of Antennas and Propagation processing times due to feedback control bits for adjusting the phase and amplitude of the transmitting signal. Switchedbeam system does not require complexity and intelligent methodology. Also, the processing time of switched-beam system is less than adaptive array system. However, the works presented in [18, 19] have introduced other significant factors to the performance of switched-beam system. One of these factors is the antenna half power beamwidth (HPBW). However, a conventional switched-beam system has an equal HPBW for each beam. The equal HPBW is determined without the consideration of vehicle positions on the road and the environments of the road so this causes the inefficiency of using conventional HPBW for V2V applications. Moreover, the improper HPBW indicate the chance of connection loss, low communication range, and low signal quality. The optimum HPBW will improve a signal quality at the receiving side. Moreover, to ensure that there is no connection loss until the data dissemination between vehicles, beam tracking algorithm has been proposed. In literatures, there are many methods of beam tracking algorithm. Focusing on the main idea of V2V communication, DSRC V2V requires fast and more reliability of the communication link. Then, the simplest beam tracking mechanism for V2V communication has been selected according to the works presented in [20] [21] [22] [23] . Low connection loss and simplest procedures are the advantage of RSSI-based beam tracking mechanism. Focusing on V2V DSRC communication, beam tracking provides a seamless connection of the radio link between vehicles. The vehicles can travel from one position to other positions on the road if the connected beam is suitable for the position of the vehicle on the road. Then the signal quality can be improved. As a result, the high radio link reliability with low connection loss and seamless connection will promote the road safety. Because the vehicle connects to V2V network all the time, vehicles inside a communication zone can receive a warning message in order to prepare for a bad situation on the road. This paper employs the corner reflector type for antennas according to [24] because it is the simplest way and less complexity of antenna HPBW beam shaping technique. The details to apply 4-beam SWB system with optimum HPBW for V2V communication have been given later. This paper presents the experiments of the proposed system for the real urban road. The performance matrices in this paper are the same as presented in [25, 26] including RSSI, ECR ( safe ), and TTC ( safe ). Note that the speed limit in urban road [27] following the law is 60 km/hr. The results confirm that applying switched-beam antenna with optimum HPBW and beam tracking can enhance V2V communication link. Moreover, the results indicate the improvement of traffic safety for 74% when comparing to the conventional V2V communication system. Moreover, the method to find the optimum HPBW is firstly introduced in this paper by using SQP optimization method. The consideration of antenna half power HPBW can be separated into two planes, elevation and azimuth planes. Focusing on urban road area, a distance between vehicles is short. Then, the effect from azimuth HPBW is more than elevation plane. Thus, this paper focuses on the determination of optimum HPBW on only azimuth plane. Also, the results in terms of RSSI, BER, PER, and safe and safe have been examined through simulations and experiment. The contributions of this work can be addressed in the following:
(1) V2V Communication link reliability is increased due to the proposed system. The increasing of RSSI presents the improving of communication link performance metrics and link reliability such as BER and throughput. Low BER introduces a high reliability of V2V communication link. As a result, a receiving vehicle can receive the correct warning messages. Then, the chance of accident is indirectly reduced by the proposed system.
(2) safe : RSSI enhancement introduces the increasing of coverage range of V2V message communication. The transmitting vehicle can communicate with receiving vehicle at a long distance. So, the vehicles receive the message at a long range which means that the drivers have more time to prepare for the bad situation on the road such as accidents and chain collisions. Thus, the outcome of the proposed system enhances the safety for the drivers. As a result, the proposed system will support the requirements of V2V DSRC safety applications.
(3) safe : this parameter indicates the preparing time for a bad situation on the road. In addition, safe refers to the collision time. The proposed system produces more safe . Also, the traffic safety has been improved due to the increasing of safe .
In summary, the road safety is indirectly increased by the enhancement of V2V communication link using the proposed system. The remainder of this papers is as follows: the mentioning about problem formulation is presented in Section 2 including optimal half power beamwidth determination. Beam tracking algorithm is also presented in this section. Next, the device configuration and experimental setup are presented in Section 3. The results and discussion are presented in Section 4. Finally, the conclusion is given in Section 5.
Problem Formulation

Optimal HPBW Determination.
Focusing on optimal HPBW investigation, in this paper, the SQP optimization process has been selected to solve the optimization problem. First of all, the fundamental of proposed system is explained. The output of optimal HPBW investigation is the optimal HPBW values which can provide the maximum RSSI and SNR. As a result, the maximum SNR presents the best quality of V2V communication link. According to this, a better communication link refers to a higher RSSI at the receiving side. Thus, the higher RSSI improves system performance and system reliability. This paper proposes 4-switched-beam system with the optimum HPBW observation. Moreover, the comparison of two different systems is based on the same transmission power for an impartiality comparison between two cases. Thus, the gain comparator factor has been investigated for adjusting the antenna gain function of the two cases in a fairness comparison. The work presented in [28] International Journal of Antennas and Propagation has shown that the antenna gain function depends on main beam directions. The main beam directions are related to the antenna HPBW. Focusing on the performance metrics of V2V communication system, the work introduced in [29] has presented that the Effective Communication Range (ECR) or safe is configured according to BER threshold and PDR threshold related to IEEE802.11p standard. According to this, when vehicle is traveling inside communication area, this vehicle guarantees getting a high link reliability. Moreover, ECR ( safe ) can be related to time to collision or safe as shown in (1) and (2) . The safety range ( safe ) is related to the speed of the vehicle ( ) and the PDR value: 0.9. Note that it can only be used in urban road with asphalt material. In addition, ( safe ) indicates the distance for the driver preparation to control vehicle into a bad situation on the road. Moreover, the relationship between the proposed system and time to collision or safety time ( safe ) is presented in (2). According to this, antenna technology is related with V2V communication link in terms of Effective Communication Range ( ECR ). Thus, ( safe ) and ( safe ) are important:
The proposed system includes omnidirectional antenna installing at the transmitting vehicle and the receiving vehicle equipped with switched-beam system following with Figure 1 . Also, the relationship between transmitting and receiving signals is presented in
where is a receiving signal, ℎ is a wireless channel, and is the transmitting signal. From (3), the average received power can be expressed as shown in
where is the average received power which combines the multiplication of transmitting signal power and propagation channel coefficient and the average noise power. The channel coefficient is expressed using Friss transmission equation. Then, (4) can be rewritten as shown in (5). Let be the average noise power as | | 2 =
. As a result, the signal to noise ratio (SNR) can be calculated in (6) and (7). However, there are more buildings and obstacles around the communication zone in an urban road. The scattering signal and interference signal from the nearby radio equipment get impact to the receiving vehicle. According to this, the probabilities of interference effect at the receiving side and the effect from the obstacles increase. This is because the receiving vehicle can receive signals from all directions. Also, the quality of V2V communication link decreased. Thus, V2V communication link in urban area needs the improvement of radio link quality. As a result, high performance link provides a high reliability data exchanging between vehicles. Focusing on the structure of the proposed system, Figure 2 presents the angle parameters ( , ). Assuming ( , ) = ; ∀( , ) and SNR = ( , ), then the average signal to noise ratio depends on the average antenna gain according to vehicle position probability and angle spread between beams as expressed in (6) and (7) as follows:
To find the average value over all directions, the average SNR can be calculated by
Focusing on the average antenna gain determination, the antenna gain function ( ( )) consisted of the relationship between HPBW and main beam directions which is expressed in
where ( MB − BW /2) ≤ ≤ ( MB + BW /2). However, another important issue is a comparison of transmission power between three different systems. The comparison is based on equal transmission power. Then, the adjustment factor has been computed by gain comparator parameter ( ) which will adjust the transmission power equally to an antenna having omnidirectional pattern. Next, the probability density function is expressed in (10) which includes 4 International Journal of Antennas and Propagation
Figure 2: Proposed system when applying switched-beam antennas at receiver vehicle.
the vehicle position probability ( V ) and the angle spread between beams (Δ ):
where (Δ ) is determined by the road width ( ) and distance between vehicles ( V ) according to the related works in a previous section. Then, a suitable antenna gain function consisted of HPBW (BW ), main beam directions (MB ), and probability density function of vehicle position ( ( )) which are expressed in (10) . The angle spread between beams Δ is expressed in
These parameters related to the road structure and the distance between vehicles. In addition, the computation of communication link performance is firstly initialized with Friis transmission equation which is expressed in (7).
( , ) and ( , ) are the function of transmitting and receiving antenna gain. The proposed system is considered at the receiving vehicle. Also,
The transmitting vehicle is equipped with omnidirectional antenna. V2V safety message disseminates to the receiving vehicle. The receiving vehicle is installed with switched-beam antenna system. The distance between two vehicles is presented in terms of . The related parameters are described as the following. Let ( , ) = , ( , ) = ( ), and ( , ) = ( ). When the relationship between and is = − . Then, signal to noise ratio can be calculated using (8) . The relationship between and is = − . As a result, (5) is changed to (13) as follows:
The noise power level is gathered from the real measurements in urban road area. These values are collected from 5 times per point. The performance metrics indicate the Effective Communication Range ( safe ). The vehicles traveling inside a communication area maintains a stable link according to BER and PER threshold. Focusing on IEEE802.11p standard, PDR is configured at 90%. This value introduces more link reliability. The expression in (18) indicates the result of HPBW for V2V communication link. Also, the expression in (19) introduces the relationship between PER and BER, International Journal of Antennas and Propagation 5 where refers to the packet size. The work presented in [30] has introduced that the relationship between BER and PER relates with packet length. Moreover, PER causes a wrong decision of the driver when receiving high PER of safety message. Also, PER and BER are the performance metrics which indicate the performance of vehicular network.
The optimum HPBW determination process initiates with the constraint function which checks the condition of input values. Also, the average antenna gain and average SNR are calculated inside the objective function. The proposed systems can be categorized into nonlinear multivariable optimization. The works presented in [31, 32] have introduced Jacobian and Lagrange methods which are suitable for a single equality constraint. Focusing on the structure of the optimization problem, the proposed system requires a correction of antenna gain function corresponding to the vehicle position on the road. The selection of suitable antenna gain function, vehicle position probability, and the angle spread between beams introduce that the mentioning methods from above are improper for the proposed system. Moreover, the difficulty of the computation presents the unsuitableness for the proposed optimization problem. The work presented in [33] has expressed that the proper method for the similar objective function as the proposed system is SQP method. SQP method is the powerful method for the determination of the optimum value for the objective function which is related with quadratic equation. Moreover, SQP method requires low processing time. Also, SQP optimization method is selected for optimal HPBW determination. To apply SQP method for the determination of optimum HPBW for V2V communication, the objective function can be given in (20) . This function consisted of input HPBW values, exact antenna gain function, and probability density function of vehicle position probability:
where is the number of beams. The solution can be obtained by applying SQP method on the optimization problem as presented in
Maximize:
(BW 1 , . . . , BW )
Subject to:
A determination of the maximum average SNR is the main purpose of the objective function according to the constraint which is shown in (22) . The summation of input HPBW values is equal to 360 degrees. The simulation program computes all cases according to the optimization constraint to guarantee the goal of objective function. Also, the maximum average SNR indicates the best solution of HPBW values. Then, the best solution of HPBW producing a maximum average SNR is selected to be the optimum HPBW. Moreover, the radiation pattern of the optimum HPBW is shown by Figure 3 including (19) . Moreover, this paper introduces the measured radiation pattern of the optimal HPBW presented in Figure 4 . The experiments introduced the improving of V2V communication link performance in terms of RSSI. However, the information of beam direction is another significant parameter to ensure that the receiving vehicle can receive DSRC message according to the proper beam. Also, beam tracking algorithm will be explained in next subsection.
Beam Tracking Algorithm.
The determination of optimal HPBW has been presented in the previous section. Also, another important issue for V2V communication link is beam tracking. This section introduced beam tracking mechanism using RSSI decision-based algorithm. The work presented in [20] [21] [22] [23] 34] has introduced that the signal strength of the receiving signal depends on path loss, shadowing fading, and multipath fading. Focusing on path loss issue, path loss is directly proper with the distance between vehicles. The increasing of distance between vehicles reduces the signal strength at the receiving vehicle. Focusing on urban road environments, many obstacles locate near the communication zone. Also, the effect from obstacles occurs at the receiving side. Many researchers try to improve the signal street at the receiving side under the mentioned conditions. Also, the abovementioned indicate the significance of improving 
Beam 4 has been neglected due to the road structure. Only two-lane road is interesting in this paper. Since these events are statistically independent, B1 , B2 , and B3 are presented as the following:
where Th = −88dBm and rxmin = −95dBm refer to receiving power threshold and minimum receiving power at the receiving vehicle. In addition, 1 = 1 − 2 , 2 = 1 − 2 × log 10 ( − 1 ), and 3 = 1 − 2 × log 10 ( − 2 ) are mean of the receiving power presenting in Gaussian process. 1 , 2 are the distance between vehicles.
is DSRC communication range which equals 1000 m. Moreover, introduces the standard deviation of shadowing effect according to IEEE802.11p (WAVE-DSRC) standard.
has been varied for the simulation of beam selection probability. Also, 1 and 2 are path losses factor. The work in [20] has presented that 1 and 2 are equal to 0 dB and 30 dB, respectively. The probability of beam selection is presented in Figures 5 and 6 . Due to the connection loss issue, also the "Make before Break" algorithm has been selected to ensure that there is no connection loss in V2V communication link. The simulation results in Figures 5 and 6 present the beam selection probability according to the proposed algorithm.
Devices Configuration and Experimental Setup
The experimental equipment is as the following: two vehicles with the same types, two Locomate OBU which are equipped with omnidirectional antenna. One Locomate device is installed at the transmitting vehicle which is configured as the Provider. Another one for receiving vehicle which is setup as User. These devices are installed at the center of the vehicle's roof. The transmitting vehicle installs the antenna having omnidirectional pattern. Focusing on the receiving vehicle, the proposed system is installed with corner reflector for producing HPBW according to optimal HPBW value. 100 ms from Beam 1 to Beam 4. This is because the switches time relates to the channel switching time of DSRC standard. As a result, signal from antenna with corner reflector is fed into OBU. Also, OBU connect with host computer which holds the maximum RSSI. As a result, the receiving vehicle can also receive a good signal quality due to the manner of SWB mechanism. However, when the vehicle is moving out of the communication rage, the communication link between two vehicles is discarded. Finally, the SWB system starts for a new process but using the same procedure. The comparing between conventional V2V communication link performance and SWB system is the major purpose for next experiments. The road is made of asphalt which is related to the 
Experimental Results and Discussion
In Figure 7 , the results present the relationship between vehicles positions and beam indices. Focusing on positions 1-4, Beam 1 has been selected for V2V data transmission. Moreover, the connected beam changed when the receiving power is relating to (23) and (24) . Beam 1 changes to Beam 2 when the vehicle traveling passed positions 5-7. To choose the right beam index, the vehicle position should be accurately estimated. In our experiment, the estimation error is very little which does not affect the beam selection. However, vehicle position estimation error impacts on the performance metric when changing beam index. Vehicle position estimation error introduces incorrect beam selection. As a result, RSSI at the receiving vehicle reduces. Then, the communication between vehicles is reconnected. Also, new process of beam tracking is initiated. Then, the delay of the mentioned process occurs. The increasing of delay increases the latency of V2V data dissemination. After that, Beam 2 changes to Beam 3 when the vehicles traveling passed positions 8-11. The performance of receiving signal has been improved due to the information of beam tracking. Moreover, the proper connected beam introduces increasing of RSSI at the receiving side. In addition, the beam tracking provides a low connection loss to maintain a continuous V2V communication link. As a result, the reliability of information exchange between vehicle is increased. The result also shows that beam tracking provides a correct connected beam which provides a good signal quality at the receiving vehicle. Figure 8 presents RSSI performance comparing between conventional system and the proposed system. Among antenna cases in the results, the optimum HPBW case indicates the best performance in terms of RSSI, Safe , and Safe performances. This is because the HPBW of the antenna is optimally allocated to the position of the vehicles on the road. Focusing on 600 m distance between vehicles, the proposed system increases RSSI performance 5 dB or three times from the conventional system. The result indicates the increasing of coverage range which is related to the cell planning for IEEE802.11p in [35] . The improvement of RSSI is benefit for coverage optimization planning which is significant for the deployment of WAVE-DSRC network.
Safe performance is presented in Figure 9 . As a result, the optimum HPBW case provides more Safe in comparing to the conventional case. Moreover, the proposed case is better than conventional case for 35.5%. This result indicates that the vehicles using switched-beam with optimum HPBW system and beam tracking algorithm can receive the safety message in a longer range when comparing to the conventional case. Also, the drivers inside the receiving vehicle can have a better chance to control a car in a bad situation. As a result, the proposed system increases the traffic safety by using switched-beam with optimum HPBW and beam tracking. Focusing on the vehicle speed at 60 km/hr, the optimum HPBW offers the best performance when comparing to the conventional system. Another performance metrics in terms of time to collision is presented by Figure 10 . safe of the optimum HPBW is better than conventional case. This result confirms the effective usage of switched-beam system which can enhance the time to collision performance. Focusing on the real situation, the driver drives a vehicle at 60 km/hr and moves to the dangerous situation on the road. Preparing time for a bad situation increases 5 seconds when using proposed beamforming system. The result indicates the road safety increasing by the proposed beamforming and beam tracking approaches. Then V2V communication system with optimum HPBW disseminates the warning messages to the driver for a long communication range. As a result, the driver has more times for braking or preparing to the dangerous situation on the road. Also, the traffic safety has been increased when applying switched-beam antenna with the optimum HPBW and beam tracking to V2V application.
Another performance metric is packet error rate (PER) as presented in Figure 11 . The result indicates that PER of the proposed system is less than 25% comparing to the conventional system at 300 m. Assume that 100 packets' transmission and 40 packets' error occur at the receiving side when using conventional system. But 15 packets' error occurs at the proposed system. The results indicate an indirect impact of the communication reliability. Focusing on safety message dissemination, the proposed system receives for more correct packet comparing to the conventional system. Also, safety message transmission with high reliability introduces the increasing of warning message accuracy. Thus, road safety increases due to the benefit of the proposed system. The comparative study in terms of PER performance metric indicates the successful beamforming and tracking approaches. Moreover, Bit Error Rate (BER) is the significant parameters of the communication link. The result shown in Figure 12 indicates the comparison of BER and distance between vehicles. The authors employ the approximation of BER introduced in [30] . Receiving powers of the proposed system are measured by the experiment on urban road environment. Two-lane road has been chosen. OBU with beamforming system is installed at the receiving vehicle. Another OBU with omnidirectional antenna is configured as transmitting vehicle. The receiving power was measured 5 times per points. Also, the average receiving power has been calculated with average noise power. Then, SNR has been translated to Eb/N0. Focusing at 300 m of distance between International Journal of Antennas and Propagation vehicles and 100 bytes of transmission packet size, BER of the conventional system is 4 × 10 −2 . BER of the proposed system is 2 × 10 −4 . As a result, the amount of bit error for the conventional system is 32 bits more than the proposed beamforming system. High BER indicates unreliable link. As a result, road safety is reduced due to the impact of incorrect warning message reception. Focusing on another QOS metrics, throughput can be estimated via the approximation method. The configuration is as follows: bandwidth: 10 MHz, data rate: 27 Mbps, modulation type: OFDM (BPSK), channel number: 172, frequency: 5.9 GHz, and devices: Locomate OBU devices. The result in Figure 13 indicates the improving of system throughput by using beamforming and tracking approaches. The throughput of proposed system provides 1 Mbps more than the conventional system. This means that the proposed system can transmit message faster than the conventional system. Focusing on the real life scenario, a huge message size such as short period video and high-quality photo from car DVR (car Digital Video Recording) can transmit with higher speed than conventional system. The processing unit of those video and photo files can process and transmit the warning message faster than the conventional system. The impact of the proposed system increases the road safety indirectly.
Conclusion and Future Work
This paper presents the importance of applying optimum HPBW for V2V DSRC application. Switched-beam system with optimum HPBW enhances the communication link Conventional system based on [3, 4, 11, 30, 34] between vehicles. The optimization problem is mathematically modeled by considering the probability of vehicle positions as well as road environments. SQP optimization method has been proposed for optimum HPBW determination. Moreover, beam tracking algorithm has been applied to ensure a seamless connection between vehicles. The results indicate that applying switched-beam antenna with optimum HPBW and beam tracking mechanism for V2V DSRC communication can increase the signal quality and system performances at the receiving vehicle in terms of RSSI, Safe , and safe . Particularly, the proposed system can improve the traffic safety 74% in comparing to the conventional DSRC V2V communication. This paper has addressed the simple method to save more lives by adjusting the optimum HPBW. Also, the proposed system can be practically implemented on existing V2V technology.
